ABSTRACT OBJECTIVE: We examined the predictive ability of anti-Müllerian hormone (AMH) for clinical pregnancy in women who underwent in vitro fertilization (IVF) cycles in a short agonist protocol. DESIGN: This is a retrospective cohort study of 222 women undergoing their first IVF attempt between June 2010 and March 2016. Multivariate logistic regression analysis was performed to evaluate the independent associations between clinical pregnancy and its possible predictors. RESULTS: 14.9% of cycles were cancelled, >3 oocytes were retrieved in 55.4% of cycles and embryo transfer was performed in 70.7% of cases. Live birth was the final outcome in 19.8% of subjects, miscarriage occurred in 4.1%, whereas no pregnancy occurred in the remaining 76.1% of the study sample. The number of oocytes, number of embryos, embryo transfer rate and pregnancy rates were positively associated with serum AMH concentrations (p <0.001, for each association). When analyzed by age quartiles, the overall association between AMH and clinical pregnancy rates was evident across all age strata. CONCLUSIONS: Serum AMH levels are a strong predictive marker of clinical pregnancy in women undergoing a short agonist IVF protocol. There is also a strong association with cancellation rate, number of oocytes retrieved, poor response (≤3 oocytes), number of embryos, embryo transfer rate and live birth rates.
INTRODUCTION
Over the past decade there have been hundreds of publications regarding the ability of anti-Müllerian hormone (AMH) to predict a positive pregnancy test in an in vitro fertilization (IVF) programme. Though the results have so far been controversial, it can be considered as established knowledge that serum AMH levels are positively associated with the total number of retrieved oocytes, [1] [2] [3] [4] [5] [6] [7] so that AMH would seem in fact to be highly predictive of poor ovarian response. [7] [8] [9] [10] The association of AMH with ovarian stimulation is even stronger if it is evaluated according to the woman's age. [2] [3] [4] 7 If the higher number of oocytes results in a higher number of available good quality embryos, it would be reasonable to expect a higher rate of positive pregnancy tests after in vitro fertilization treatment. 11 Indeed, a large number of studies have reported a positive correlation between AMH and pregnancy rates. [12] [13] [14] [15] [16] [17] [18] [19] [20] However, there are also a number of studies showing limited predictive ability or no correlation between AMH levels and IVF outcome. 4, 7, [21] [22] [23] [24] [25] The importance of such predictive ability is greater in women of advanced reproductive age due to the reduced success rates of this population.
A meta-analysis by Broer et al 26 demonstrated that among various ovarian reserve tests (FSH, AMH, AFC, age), AMH and AFC had similar predictive ability for poor response, but only age had a limited capacity of predicting ongoing pregnancy after IVF. Iliodromiti et al 27 in their meta-analysis showed that AMH, independently of age, is correlated with live birth after assisted conception, but with poor predictive accuracy.Tal et al 28 published a meta-analysis which concluded that AMH is weakly correlated with clinical pregnancy rates. Finally, one month later Yao et al 29 published their meta-analysis which reported that AMH can predict pregnancy rates after IVF as an independent parameter. It is obvious that after years of publications worldwide, the question of whether AMH predicts pregnancy after IVF still remains unresolved.
In the present study we investigate the correlation between serum AMH levels and pregnancy rate in a population of women undergoing their first IVF cycle using a short agonist protocol.
MATERIALS AND METHODS
We studied retrospectively the IVF outcomes of patients undergoing their first IVF cycle, between June 2010 and March 2016.
Inclusion criteria for the study were:
1) The patient underwent her first IVF cycle, 2) Serum AMH measurement within 3 months before the beginning of the IVF cycle,
3) No presence of a prolactin or thyroid disorder, or a well treated disorder under continuous follow-up, 4) Ovarian stimulation was carried out using a short agonist protocol and all embryo transfers were carried out on a fresh cycle.
Exclusion criteria:
1) Serum AMH levels unknown or measured more than 3 months before the IVF cycle,
2) Donor egg cycles,
3) Natural cycles, 4) Frozen-thawed cycles.
In couples with unexplained infertility, the duration of infertility was at least 1 year before IVF for women <35 years and at least 6 months for women ≥35 years of age. In cases of tubal factor, as well as of male factor, the decision to proceed with an IVF/ ICSI attempt was made as soon as the couple presented with the diagnosis of the cause of infertility. Normal weight status was defined as body mass index (BMI) 18.5-24.9kg/m 2 , overweight as 25-29.9kg/m 2 , obesity as BMI ≥30kg/m 2 and underweight as BMI <18.5kg/m 2 .
COH PROTOCOL
We used a short GnRH agonist protocol (flare-up protocol).
The stimulation began with a GnRH agonist, either leuprorelin acetate (Daronda 14mg/2.8ml) or triptorelin (Arvekap 0.1mg) on Day 2 of the cycle. The daily dose was 20iu of leuprorelin or 0.1mg of triptorelin, subcutaneously. GnRH agonist was continued until the day of hCG administration. The procedure was cancelled when no growing follicles were found during the ultrasound follow-up or in cases of poor response with very low levels of serum E2 (≤50pg/ml).
34 hours later we retrieved the oocytes. We performed rapid oocyte retrieval using a single lumen needle, under sedation. No flushing was used in any case.
Oocyte fertilization was attempted either conventionally or via intracytoplasmic sperm injection (ICSI).
Prior to embryo transfer, embryo quality was assessed using the embryo morphology score. Embryo transfer took place on a fresh cycle, using either a Frydman, Cook or Wallace catheter, under abdominal ultrasound guidance. Transfer was carried out at the cleavage stage (Day 2 or 3) or the blastocyst stage (Day 5). Decision was based on the number and quality of available embryos. We transferred only good quality embryos (at least grade 3). In accordance with Greek law, we transferred up to 2 embryos when the woman was less than 40 years of age and up to 4 embryos if the woman was more than 40 years of age. Any further good quality embryos were frozen and were subsequently transferred to a fresh-thawed cycle. However, frozen-thawed cycles were not included in our study.
We supported the luteal phase by using per os or vaginal micronized progesterone (Utrogestan) 200mg (Angelini Pharma Hellas) three times daily or vaginal progesterone gel 8% (Vasclor) (Verisfield UK) twice daily until the day of the pregnancy test. If positive, progesterone was continued until 8 weeks of gestation.
We did not prescribe any other medication (such as antibiotics, cortisone, heparin, aspirin).
Measurement of β-hCG was carried out 2 weeks later and was repeated -if positive-until βHCG levels were ≥2000iu/l. We then conducted a vaginal ultrasound and repeated the examination weekly until a gestational sac was found. We considered clinical pregnancy the presence of a gestational sac with heartbeat, which included miscarriage and live birth as possible outcomes.
HORMONAL MEASUREMENTS
AMH levels were measured on any day of the woman's menstrual cycle, within 3 months of the beginning of the IVF cycle. AMH concentration was measured using the AMH Gen II Elisa (Beckman Coulter) assay.
FSH levels were measured on the 2nd or 3rd day of the woman's cycle, within 6 months of the IVF cycle.
OUTCOMES
Primary outcome was clinical pregnancy rate (gestational sac with positive heartbeat). The scientific question of interest was whether serum AMH is independently associated with clinical pregnancy in women undergoing IVF cycles in a short agonist protocol, taking into account the possible confounding effects of age.
Secondary outcomes were: (1) cancellation rate, (2) number of oocytes retrieved, (3) poor ovarian response (≤3 oocytes retrieved), (4) number of embryos, (5) embryotransfer rate, (6) live birth rate; their associations with AMH levels were also examined.
STATISTICAL METHODS
Regarding descriptive statistics, results for quantitative variables were presented as mean±SD; the 95% confidence intervals (CIs) for the mean were also provided. Categorical variables were presented as frequency (percentage); the 95%CIs for proportions were also provided.
The statistical analysis comprised two steps: univariate and multivariate analysis. Serum AMH was not normally distributed (p <0.001, Shapiro-Wilk test), therefore non-parametric statistical tests were implemented. In the univariate analysis, the associations between serum AMH and the study variables (age, serum FSH, cancellation, number of oocytes, poor response, number of embryos, embryo transfer and clinical pregnancy/live birth) were appropriately evaluated through the Mann-Whitney-Wilcoxon test for independent samples (henceforth designated as MWW for the sake of brevity), or Spearman's rank correlation coefficient.
In the multivariate logistic regression analysis, clinical pregnancy (either live birth or miscarriage) was set as the dependent variable in the model. Age in quartiles and AMH in quartiles were introduced as independent variables in the model; implementation of quartiles was preferred to the use of continuous variables due to the non-linear pattern of associations implicating the aforementioned covariates (data not shown). The lowest quartiles were set as reference categories for both independent variables. Finally, a stratification of the association between AMH levels and clinical pregnancy rates, across age quartilesstrata, was also undertaken for the clearer presentation of underlying results. The statistical analysis was performed using STATA/SE version 13 statistical software (Stata Corp., College Station, TX, USA).
RESULTS
Descriptive statistics are summarized in Table 1 . The mean age of the study sample (n=222) was 38.7 years (95%CI: 38.1-39.3 years, range 27-49 years). AMH values ranged between 0.03 and 11.05 ng/mL (1.36±1.66ng/mL, 95%CI: 1.14-1.58 ng/mL). Regarding BMI, 33 women (14.9%, 95%CI:10.5%-20.2%) were overweight, 17 (7.7%, 95%CI: 4.5%-12.0%) were obese and 9 (4.0%, 95%CI: 1.9%-7.6%) were underweight. 43 women (19.4%, 95%CI: 14.4%-25.2%) smoked 1-10 cigarettes per day and 27 (12.2%, 95%CI: 8.2%-17.2%) smoked >10 cigarettes per day.
The procedure was cancelled in 14.9% (95%CI: 10.5%-20.2%) of cases, >3 oocytes were retrieved in 55.4% (95%CI: 48.6%-62.1%) of procedures and embryo transfer was performed in 70.7% (95%CI: 64.3%-76.6%) of cases. Live birth was the final outcome in 19.8% (95%CI: 14.8%-25.7%) of subjects, miscarriage occurred in 4.1% (95%CI: 1.9%-7.6%), whereas in the remaining 76.1% of the study sample (95%CI: 70.0%-81.6%) no pregnancy was achieved.
The associations of study variables with serum with age, as did AMH with FSH levels. This result confirms the reliability of our data regarding the population of our study.
We found a significant correlation between serum AMH levels and cancellation rate, as well as number of oocytes retrieved. AMH levels also predicted women with poor response (≤3 oocytes). These findings are seen in most studies reporting the predictive ability of AMH for ovarian responsiveness to stimulation, [2] [3] [4] [5] [6] especially for the prediction of poor responders. 1, [7] [8] [9] [10] Moreover, in our study serum AMH levels exhibited significant correlations with number of embryos, embryo transfer rates and pregnancy rates. Our findings substantiate the significant predictive ability of serum AMH for pregnancy rates, as have many recent studies. [12] [13] [14] [15] [16] [17] [18] [19] [20] The predictive ability of AMH for pregnancy rates remained significant when we stratified serum AΜH in quartiles. Compared with the first quartile of AMH levels, we found a 5-fold increase in odds of pregnancy in the second quartile, an 8-fold in the third quartile and a 30-fold in the fourth quartile. Moreover, when stratifying age into quartiles we found a statistically significant correlation of AMH with pregnancy rates in all age groups except in women aged 42-49 years where the difference of AMH levels was obvious but did not reach significance due to the very small number of pregnancies occurring in this group. The prognostic value of AMH in our study was strong in all age groups, while other studies in the literature show that AMH's predictive ability depends on the woman's age. 2, 3, 18 In our research, the cut-off point of AMH under which no pregnancies were noted was 0.27 ng/ml. According to several other studies, 20 the very low AMH cut-off level does not allow a clinical interpretation of very low AMH levels, which would justify denial of assisted reproduction techniques to an infertile couple.
In our clinic, we predominantly use the short agonist protocol for ovarian stimulation, especially in women of advanced reproductive age (≥38 years old). Given the study design, we could not evaluate if patients might have better results using another protocol.
One limitation of our study was the fact that the antral follicle count (AFC) was not available in the dently associated with decreased odds of pregnancy (adjusted OR=0.25, 95%CI: 0.08-0.77, p=0.016), compared to the lowest quartile.
The subgroup analyses by age quartile (Table 4) clearly supported the reproducibility of the overall association between AMH and pregnancy rates across all age strata. Specifically, the AMH difference between pregnant and non-pregnant women reached significance in age quartile 1 (p <0.001, MWW test), quartile 2 (p <0.001, MWW test) and quartile 3 (p=0.018, MWW test). Despite a sizable numerical difference (1.52±2.05 vs. 0.76±0.69 ng/mL), statistical significance was not reached in age quartile 4 (p=0.438, MWW test); nevertheless, this seems only to be due to the small number of pregnancy events in this stratum.
DISCUSSION
AMH has been established as a quantitative marker of ovarian reserve and is widely used as a predictive marker of quantitative ovarian response in the majority of IVF Centers worldwide. Most studies in the literature have demonstrated that AMH concentrations are positively associated with oocyte yield after ovarian stimulation. We would expect that a higher number of oocytes would result in a higher pregnancy rate. Indeed, the studies of Van der Gaast et al, 30 Sunkara et al, 31 Mc Avey et al 32 and Ji et al 33 showed a positive correlation between number of oocytes and pregnancy rates (up to 15 oocytes). However, the association between AMH levels and IVF success has been controversial. While many studies show AMH to be a good predictive marker of live birth rates, others support the view that AMH does not have a significant predictive ability. Recent meta-analyses did not in fact confirm this relationship. 26, 27 In this setting, our study demonstrates a strong positive association of AMH levels with pregnancy rates.
Our study sample included a high proportion of women of advanced reproductive age (mean age 38.7 years, 81.6% of cycles were from women ≥35 years old). Accordingly, we found a low level of mean AMH (1.36 ng/ml). This resulted in a relatively low percentage of pregnancies (23.9%). However, a number of studies have indicated that AMH has a high predictive accuracy in women of advanced reproductive age. 7, 34 Serum AMH levels showed an inverse correlation total dataset, a known prognostic factor for pregnancy after an IVF cycle. 8, 9, 35 Another limitation is the retrospective nature of our study, including the different types of medication used (gonadotropins, GnRH agonists, hCG, luteal phase support), the different duration and total dose of gonadotropins required, as well as the embryo transfer of either Day 2/Day 3 embryos or blastocysts. Finally, the sample size of the study was relatively limited (n=222), even if our results reached statistical significance.
Duration of stimulation was merely a proxy index of the duration of each woman's cycle and therefore was not deemed meaningful in the context of the scientific analysis. In turn, the total dose of the gonadotropins was in part determined by the differences in the duration of stimulation and, accordingly, it was not included in the analysis. Moreover, in some cases of poor response (fewer than 3 growing follicles), the dose of gonadotropins was reduced during follow-up in order to reduce the cost of the attempt. However, this would be a confounding factor if total gonadotropin dose was included in the study, since it would seem that a woman with a low AMH and a subsequent poor response would actually need fewer gonadotropins for ovarian stimulation. Also, we did not aim to examine the total dose of gonadotropins, since we used different types of gonadotropins (recombinant/human menopausal/highly purified).
Some other parameters such as the number of follicles >11mm as well as E2 levels on the day of triggering were taken into account when deciding to proceed with the hCG injection, but these parameters were not retained for the purpose of this study.
Regarding the validity of our results, it should be underlined that our study was designed based on the first IVF attempts. If we had included subsequent IVF attempts, then other parameters would have been relevant, such as the determination of the dose based on previous success or failure, use of a different fertilization procedure (IVF/ICSI), possibly higher doses in previously poor responders, as well as the selection bias (women undergoing additional cycles may differ from those entering only one attempt in several aspects, such as age, economic status and previous response).
Our research concludes that serum AMH levels are a valuable tool in the procedure of counselling couples regarding their possibilities of a favorable outcome before entering an IVF programme. It also facilitates our decisions when we are facing repeated failures of an IVF outcome. However, since we observe pregnancies even in women with very low AMH levels, we cannot refuse an IVF procedure to a woman based solely on her AMH values.
To our knowledge, this is one of the few studies regarding the predictive ability of AMH in a Greek population of IVF patients. Moreover, most of the published studies in the literature have investigated the correlation of AMH with IVF success in a longprotocol or an antagonist protocol. In December 2016, Kotanidis et al published a prospective study of 120 women undergoing a short agonist IVF protocol in their first IVF treatment. They found a strong positive correlation between AMH and number of oocytes, as well as a positive association with the availability of supernumerary embryos suitable for cryopreservation. However, they did not investigate the possible association of AMH levels with pregnancy rate. 36 Our study used a short-agonist stimulation protocol, which would be indicated in a population of expected low responders. Counselling these women often proves to be very difficult, since live birth rates are relatively low in this patient group.
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